Abstract: The paper deals with the optimization of parameters of resistance spot welding and quality analysis of welded joints made of combination of galvanized steel sheets TRIP RAK 40/70+Z100MBO and DX51D + Z (EN 10142/2000 ). It is an advanced material combination frequently used in designing car body parts. The welded joints with various welding parameters were prepared. The quality of welded joints was evaluated by non-destructive and destructive tests. For evaluation of joints quality the shear tension test on spot joints according to STN 05 1122 standard was used. Some samples were prepared for metallographic analysis where the influence of the welding parameters on the structure of welded joint was observed. The influence of welding parameters on the dimensions of the weld nugget, and the occurrence of pores in the weld metal caused by evaporation of zinc from the coating were observed as well. Hardness was evaluated on metallographic scratch patterns according to STN EN ISO 14271 standard.
Introduction
Resistance spot welding (RSW) is one of the oldest of the electric welding processes in use by industry today. The weld is made by a combination of heat, pressure and time. RSW has been widely employed in sheet metal fabrication for several decades because it is a simple and cost-effective joining method. It is the predominant welding technique used in automotive industry due to its high efficiency in manufacturing thin metal sheets. A wide variety of metal sheets up to 3 mm thickness can be handled by the resistance spot welding method [1, 2] . In the last decade a change in body shell mass production has occurred in the automotive industry. In answer to the intensifying energy crisis and in order to meet customer requirements for automobiles such as weight reduction for energy saving and enhancement of passenger safety [3] .
One of the possibilities of decreasing the car weight and consequently lowering the fuel consumption is using various combinations of materials, such as combination of conventional deep-drawn steel sheet and high-strength steel sheet. In the areas, where high passive safety is needed, high-strength steels such as TRIP and DP steels can be used. The usage of such steels can significantly reduce the car weight. Their strength properties allow reducing the thicknesses of particular segments of a car body [4, 11] . As a result, there has been a recent focus on the weldability of these steels. Wide range of various steel sheets used in car body production are shown in Figure 1 .
Since the RSW process is the primary joining method used in automotive production, a detailed understanding of metallurgical changes and their effects on the mechanical performance of AHSS welds is required for safe integration into the automotive architecture [5, 12] . 
Analysis of Weldability
DX51D material is a low carbon steel with good weldability. Its carbon content is up to 0.12 %. The maximum recommended content of carbon for resistance spot welding is 0.3% [1, 2] . TRIP steels are characterized by high strength (approximately 1000 MPa) and good plastic properties (A5 about 20%). The high strength is achieved by non-steady structures such as martensite and bainite. Good plastic properties are achieved by soft ferritic matrix.
TRIP steels are of good weldability. However, due to their multi-phase structure, the influence of welding on the changes of particular phases in the material is to be taken into account. Conventional TRIP steels are conceived on the base of C-Mn-Si. However, modification of the steels, with replacing Si by Aluminium, has a positive influence on their weldability, without any negative influence on the TRIP effect of the steel. Besides these elements, in low-alloy TRIP steel applied in automotive production there are also elements like Cu, Cr, Nb, Ni a. o., which influence the stability of particular phases and the height of transformation temperatures.
The phase transformations occur during welding in the area of the weld of the TRIP steel, which are mainly caused by the heat. Some transformations are caused by compressive force of the welding electrodes as well.
Heating causes austenization of the weld metal. Heating above the critical temperature (above Ac3) causes transformation of the initial ferritecementite structure to austenitic structure with the change of lattice Fea(C) g Feg(C) and changes in the atoms arrangement [7] . Further transformation during welding is the bainitic transformation which occurs in temperatures 500°C, higher than the temperature of the start of martensite transformation. Bainitic transformation is partially diffusive and partially diffusionless. Transformation Fea(C) g Feg(C) is carried out by so-called shear (diffusionless) mechanism, whereas the changes in carbon distribution are caused by diffusion. A characteristic sign of the bainitic transformation is the amount of non-transformed, so-called retained austenite.
In the weld metal, the martensitic (diffusionless) transformation occurs. Martensitic crystals are formed by a shear mechanism. Lamellar formations grow from nuclei -crystal-lattice defects of austenite. Movement of atoms in the lattice is shorter than the distance of adjacent atoms. Due to different specific volumes of austenite and martensite, the elastic deformation in the coherent area increases which causes so-called interphase boundary. In the structure there is some retained austenite and surrounding laths of martensite prevent it from transforming [7] [8] [9] [10] .
Materials and Experiments
Double-sided hot-dip galvanized steel sheets TRIP RAK 40/70+Z100MBO of 0.77 mm thickness made by Voestalpine Austria and DX51D + Z (EN The type of welding regime influence on the quality of spot welds, as was described in [1, 2, 4] . Temperature processes during resistance spot welding can be described (under certain simplified condition) by an equation, based on the differential equation of heat conduction with the heat source:
10142/2000) of 1 mm thickness made by U.S.Steel Košice, Ltd. were used for the experiments. The chemical composition of the observed materials and their basic mechanical properties are shown in Table 1 and Table 2 .
Average thicknesses of zinc coatings measured by contact thickness gauge Quanix were:
RAK 40/70+Z100MBO -18. 
Results and Discussion

Tensile test
The tensile test showed, that only fusion welded joints occurs in all observed welding parameters. Dependency of carrying capacity of spot welds Fmax on welding current I can be expressed: The tensile tests were executed under displacement control conditions on the specimen configurations in order to characterize the static behavior of the joints. The maximum shearing load was the most significant value obtained from the load-displacement curves - Figure 3 . The form of the curves indicates the behavior of the spot welded joints under load as well as the capacity for deformation. All the curves have the similar form besides the curve of sample made with welding current of I = 6.0 kA. 
Metallographical analysis
The base material of DX51D + Z with a fine-grained ferrite-perlite structure as shown in Figure 4a .
The average grain size in the structure is G7, measured according to standard STN EN ISO 643.
The microstructure of the TRIP steel base material is shown in Figure 4b . It is a fine-grained multiphase structure with dominant ferrite component, bainite and retained austenite segregated on boundaries of ferrite grains. The average grain size in the structure is G9 according to above mentioned standard.
The metallographical analysis confirmed formation of fusion welded joints with characteristic areas of weld metal (WM), heat affected zone (HAZ) and base material (BM). Figure 5 shows the macrostructure of a spot weld of the sample welded with parameters A. When using the lowest value of welding current, the weld joints were of high quality, fusible and without any defects, but the weld nugget had smaller dimensions, which is in accordance with the values of their carrying capacity. The macrostructures of a weld joint show the solidification process of weld metal with a characteristic dendrite structure typical for resistance spot welds. The microscopic observation of macrostructures of the welds shows no pores and cavities occurring in the weld metal. In the HAZ from the side of DX51D steel a non-uniform microstructure with polyedric ferrite was observed. Microstructure of weld metal with the part of DX51D steel is shown in Figure 6a . It is a coarsegrain structure with bainite and acicular ferrite. Microstructure of weld metal with tempered martensite of RAK steel is shown in Figure 6b .
The microstructure of sample B is shown in Figure7. In comparison with sample A, the weld nugget of bigger size was observed. The diameter of weld nugget correspond with the diameter of welding tips that lead to increasing of carrying capacity of samples B. No cracks occurred in weld metal and heat affected zone of these samples.
The microstructure of DX51D + Z can be characterized as a fine-grained ferrite-perlite structure. Because of heating in resistance spot welding, continual growth of grains towards the weld metal can be observed. A significant growth of perlite grains occurs in the heat affected zone.
On the boundary of the heat affected zone and the weld metal, there is bainite transformation of perlite grains (Figure 8 ). Figure 9 shows microstructure of weld metal of a B sample in the part of TRIP steel. The microstructure of weld metal consists of mostly fine-grained martensite arranged in typical lamellar formations. Such lamellar formations prevent the austenite from transformation; therefore the retained austenite occurs in the structure. Besides martensite, also ferrite and both forms of bainite occured in the microstructure of weld metal. The formed carbide inclusions was also observed in the weld metal.
In the part of the weld metal of DX51D + Z ( Figure  10 ) of sample C, a bainite-ferrite microstructure can be observed. There are dispersed ferrite grains on the boundaries of bainite grains. In the part of the weld joint of DX51D + Z, the structure of good visible dendrites is the same as in the part of the weld nugget of TRIP steel, characteristic for solidification processes of the weld metal in resistance spot welding.
When using welding current 7 kA (sample D), the cracking occurred in heat affected zone of TRIP steel, as shown in Figure 11 . Current intensity had a significant influence on the height of the weld nugget. The character of cracks is intercrystalline. The amount of the heat and martensitic structure or transformation process of particular compounds of the structure during welding was the cause of their creation. However, a dynamic process of welding with a hard regime was used, the creation of cracks occurred when using welding current over 6.5 kA. These cracks caused significant decreasing of carrying capacity of the spot welds. Therefore welding current I = 7.0 kA is not suitable for welding the observed combination of materials. Such cracks occur only in heat affected zone of TRIP steel. Evaporation of Zn coating from the sheet surfaces under welding tips was observed in all samples.
Microhardness
On the basis of the realized measurements it can be stated, that the change of used parameters of resistance spot welding did not have a significant influence on the microhardness changes in the weld metal, or heat affected zone, as shown in Figure 12 . The measured values of microhardness are in accordance with the observed microstructures. The measured value of microhardness of TRIP steel was 677 HV 0.1. This value of microhardness corresponds with the microhardness of a dominant martensitic compound of the weld metal. The maximum value of microhardness of DX51D + Z steel was 463 HV 0.1. This value is in accordance with the bainite structure of the weld metal. The change of microhardness in the weld nugget was continuous and it corresponded to mixing the weld metal of particular types of steel.
Conclusion
Application of high-strength steels in order to reduce the weight of car bodies is increasingly important in designing new cars. Nowadays, the DP steels amount to more than 75 % of a car body and the portion of TRIP steels in production of safety elements is approximately 5 % of the steel sheets.
On The resistance spot welding is the suitable method for joining the evaluated combination of materials of car body parts. The main problems occurred in the area between base material and heat affected zone. Substantial optimization of the welding process can prevent welds from cracking, especially in ultra-high-strength TRIP steels. The development of multi-phase TRIP steels for automotive industry leads to development of bainiteferritic structure with retained austenite parts. 
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